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(57) ABSTRACT

Disclosed 1s a method for detecting an end-point of a CMP
process of a semiconductor device. More specifically, when
all polishing processes are performed using a nitride film as
a polishing barrier film, a bufler layer including nitrogen 1s
formed on the nitride film and a polishing process 1s per-
formed. Then, the concentration of NO from ammonia gas
generated from the butfler layer 1s detected so that the nitride
film may be polished to a desired target without damage of
the nitride film. As a result, an end-point can be set.
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METHOD FOR DETECTING END-POINT OF
CHEMICAL MECHANICAL POLISHING
PROCLESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a method for
detecting an end-point of a chemical mechanical polishing
(heremaftter, referred to as “CMP”) process of a semicon-
ductor device, and more specifically, to a method for detect-
ing an end-pomnt of a CMP process of a semiconductor
device wherein when all polishing processes are performed
using a nitride film as a polishing barrier film, a bufler layer
including nitrogen 1s formed on the nitride film and a
polishing process 1s performed so that the mitride film may
be polished to a desired target without damage of the nitride

film.

2. Description of the Prior Art

In general, for fineness, high capacity and high integration
of a semiconductor device, a method for forming landing
plug contact (hereinatter, referred to as “LPC”) 1s required
so that multi-layered lines may be formed to connect each
device electrically.

That 1s, when a transistor, a bit line and a capacitor are
formed 1n a semiconductor device, a gate 1s formed on a
semiconductor substrate, an insulating film 1s formed on the
whole surface of the resulting structure. Then, the insulating,
film 1s planarized by a polishing process, and then a LPC
mask (M/K) process and an etching process are performed.

Here, 1n the polishing process for planarizing the insulat-
ing film, the insulating film 1s completely removed until the
upper portion of the gate electrode 1s exposed 1n order to
prevent generation of step difference between cell and peri
regions. Then, an insulating film 1s re-deposited on the
resulting structure and a subsequent process 1s performed.

However, in the conventional polishing process, in order
to completely remove the insulating film, the insulating film
1s polished for a predetermined time, and its thickness 1is
measured to find that the insulating film 1s polished to a
desired target. Otherwise, whether the hard mask nitride film
of the gate electrode 1s exposed 1s required to be observed
through a CD SEM. When a desired critical dimension
(heremaftter, referred to as “CD”) of the gate hard mask 1s not
secured by the polishing process, a polishing process 1s
repeated or run 1s required to be scrapped. As a result, the
process time 1s delayed and yield 1s degraded.

In order to solve the above-described problems, a method
for detecting an end-point of an interlayer insulating film on
real-time 1n a polishing process using an optical method or
a motor current method has been currently developed. Of the
above-described methods, a method for setting an end-point
by measuring ammonia gas generated from when a nitride
f1lm 1s polished has been widely used because the method 1s
rapid and precise.

In the above-described method, when films including
nitrogen such as SiN or TiN are polished, ammonia (NH,)
gas generated from a slurry 1s collected 1n an End Point
Detector (EPD) as a gas state, thereby setting an end-point.

According to the principle, 1f the ammoma gas 1s con-
verted mto NO gas by heat action and enzyme action, NO
gas 1s combined with ozone (O,) as shown 1n the following
equation 1 to form NO, and excited NO,*. When the optical
chemical reaction generates light and NO gas 1s converted
into NO,, the amount of NO can be measured by detecting
the generated light.
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|Equation 1]
A or Enzyme
NH;(g) » NO(g)
NO + O3 ----= ~NO* + O,
NO»* ~ ----3 ~NO>; + hv

FIGS. 1a to 1d are diagrams 1llustrating a conventional
method for detecting an end-point of a CMP process.

Referring to FIG. 1a, a polysilicon layer 3, a conductive
layer for gate electrode 5 and a hard mask nitride film 7 are
sequentially formed on a semiconductor substrate 1 com-
prising a device 1solation film (not shown).

A selective etching process 1s performed on the hard mask
nitride film 7, the conductive layer for gate electrode 5 and
the polysilicon layer 3 which are formed 1n FIG. 1a to form
a gate line 8 having a sequentially stacked structure of a
polysilicon pattern 3-1, a conductive pattern for gate elec-
trode 5-1 and a hard mask mitride film pattern 7-1.

As shown 1n FIG. 15, an oxide film (not shown) 1s formed
on the whole surface of the resulting structure including the
gate line 8.

As shown 1n FIG. 1¢, an mterlayer mnsulating film 13 1s
formed on the whole surface of the resulting structure

including the gate line 8 and the nitride film spacer 10 which
are formed 1 FIG. 1b.

As shown 1 FIG. 14, the interlayer insulating film 13 of
FIG. 1c 1s polished until the hard mask nitride film pattern
7-1 1s exposed.

However, when the polishing process of FIG. 1d 1s
performed, the hard mask nitride film which 1s a polishing
barrier film starts to be exposed, and the amount of NO gas
increase because the amount of NH, gas remarkably
increases as shown in FIG. 1le.

As a result, time for setting an end-point by detecting the
concentration of NO runs short. Therefore, since an end-
point 1s set after a predetermined thickness of the hard mask
nitride film 1s polished, the hard mask nitride film 1s dete-
riorated and a stable subsequent process cannot be per-
formed.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide a method for detecting an end-point of a CMP
process of a semiconductor device by setting an end-point
time so that a nitride film may be polished to a desired target
without damage of the nitride film when all polishing
processes are performed using the nitride film as a polishing
barrier film, thereby improving rehability of a semiconduc-
tor device.

In an embodiment, there 1s provided a method for detect-
ing an end-point of a CMP process of a semiconductor
device wherein a bufler layer including nitrogen 1s formed
on a gate line and a CMP process 1s performed, thereby
preventing damage of a gate hard mask nsulating film.

In an embodiment, the method for detecting an end-point
of a CMP process of a semiconductor device comprises the
steps of:

sequentially forming a polysilicon film, a conductive
layer, a hard mask nitride film on a semiconductor
substrate;

forming a bufler layer containing nitrogen on the hard
mask nitride film;
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selectively etching the bufler layer, the hard mask nitride
film the conductive layer and the polysilicon film to

form a gate line including a stacked structure of a

polysilicon film pattern, a conductive layer pattern, a

hard mask nitride film pattern and a bufler layer pattern;
forming a spacer at a sidewall of the gate line;
forming an interlayer isulating film on the semiconduc-

tor substrate including the gate line and the spacer; and
subjecting the mnsulating film and the bufler layer to a

CMP process using the hard mask nitride film pattern

as an etching barrier film,
wherein a concentration of NO gas generated 1n the CMP

process 1s measured so as to set an end-point of the

CMP process where a gradient of a tangent of concen-

tration curve of the NO gas increases.

The bufler layer comprises a S1ON or a Si-rich S1ON film.
A thickness of the buffer layer ranges from 200 to 1000 A,
preferably from 300 to 700 A.

It a CMP process 1s performed on the mnsulating film after
the bufler layer including nitrogen 1s formed on the hard
mask nitride film, a concentration of NO gas generated 1s
measured. The end point of the CMP process 1s a set where
a gradient of a tangent of a concentration curve of the
measured NO gas increased. That 1s, the end point 1s where
the concentration curve of the NO gas 1s drastically
increased such as inflection point. As a result, the end-point
can be rapidly and precisely measured, thereby preventing
damage of the nitride film and performing a stable subse-
quent process to improve reliability and productivity of a
semiconductor device.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIGS. 1a to 1d are diagrams 1llustrating a conventional
method for detecting an end-point of a CMP process.

FIG. 1e 1s an end-point measurement graph depending on
polishing time 1n the conventional method.

FIGS. 2a to 2d are diagrams illustrating a method for
detecting an end-point of a CMP process according to an
embodiment of the present invention.

FIG. 2¢ 1s an end-point measurement graph depending on
polishing time according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

The present mvention will be described 1n detail with
reference to the accompanying drawings.

Referring to FI1G. 2a, a polysilicon layer 23, a conductive
layer for gate electrode 25, a hard mask nitride film 27 and
a bufler layer 29 are sequentially formed on a semiconductor
substrate 21 including a device 1solation film (not shown).

Preferably, the conductive layer for gate electrode 1s
formed from a material selected from a group consisting of
doped silicon, polysilicon, tungsten, tungsten nitride, tung-
sten silicide and titanmium silicide.

The hard mask nitride film 27 pretferably includes SiN
film, and the bufler layer includes nitrogen, preferably a
SiON film having a thickness ranging from 200 to 1000 A.

A selective etching process 1s performed on the hard mask
nitride film 27, the conductive layer for gate electrode 25
and the polysilicon layer 23 which are formed 1 FIG. 2a,
thereby forming a gate line 28 having a sequentially stacked
structure of a polysilicon pattern 23-1, a conductive pattern
25-1, a hard mask nitride film pattern 27-1 and a butler layer

pattern 29-1.
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4

The selective etching process comprises a plasma etching
process using a chlorine gas as a source such as CCl, or Cl,
to have a high selectivity to a gate oxide film.

A oxide film spacer 30 1s formed via LP CVD (low-
pressure chemical vapor deposition) method using TEOS
(Tetracthoxysilicate glass) film or silane (S1H,)-base oxide
{1lm.

As shown 1n FIG. 2¢, an mterlayer insulating film 33 1s
formed on the whole surface of the resulting structure
including the gate line 28 and the oxide film spacer 30 which
are Tormed 1n FIG. 2b.

The interlayer insulating film 1s selected from a group
consisting of doped oxide films having excellent filling
characteristics such as a BPSG (boron phosphosilicate glass)
film, a PSG (phosphosilicate glass) film, a FSG (fluorosili-
cate glass) film, a PE-TEOS (plasma enhanced tetracthoxy-
silicate glass) film or a PE-SiH, (plasma enhanced-silane)
film; an APL (advanced planarization layer) oxide film or a
ALD (atomic layer deposition) oxide film which are formed
by a LP-CVD method using H,O,, and siren reaction source
to have fluidity; high density plasma oxide films such as
HDP USG (high density plasma undoped silicate glass)
oxide film, HDP PSG (high density plasma phosphosilicate
glass) oxide film; and mixtures thereof.

Preferably, the HDP oxide film 1s formed from a source
selected from a group consisting of TEOS, SiH,, SiH
(CH,) . (0=£n=4, 0£m=4), N, N,O, NH,, O,, O,, Ar, He
and NF,.

When an interlayer insulating film 1s formed using the
HDP oxide film to thermal process performed in an atmo-
sphere of a gas selected from a group consisting of H,, O,
N,, O;, N,O and H,+0, at a temperature ranging form
500~1200° C. for more than 5 minutes. Otherwise, a rapid
thermal processing (RTP) 1s performed at a temperature of
more than 600° C., preferably ranging from 600 to 1500° C.,
for more than 5 seconds, thereby cohering the interlayer
isulating films to improve density.

As shown 1 FIG. 2d, a CMP process 1s performed on the
interlayer msulating film 33 until the hard mask nitride film
pattern 27-1.

During the CMP process, a concentration of NO gas
generated 1s measured. The end-point of the CMP process 1s
set where a gradient of a tangent of a concentration curve of
the measured NO gas 1s increased. That 1s, as shown 1n FIG.
2¢, the end point 1s where the concentration curve of the NO
gas 1s drastically increased such as inflection point.

In addition, the CMP process comprises:

polishing the interlayer insulating film using a first slurry

until a remaiming portion of the interlayer insulating
film has at a thickness ranging from 300 to 800 A; and
polishing the remaining portion of interlayer insulating
film and the bufler layer using a second slurry to expose
the hard mask nitride film pattern.

The first slurry for oxide film contains 0.5~10 wt %,
preferably from 1 to 10 wt %, of a abrasive selected from a
group consisting ot colloidal or fumed S10,, Al,O,, CeQ,
and ZrQO, having a grain size ranging {rom 50 to 500 nm. The
first slurry for oxide film comprises pH 2~12.

The first slurry for an oxide film has a polishing selectivity
ratio ol a oxide film to mitride film ranging from 1~10:1.

The second slurry as a high selective slurry for oxide film
can use the same abrasive as the above-described abrasive of
the first slurry. Preferably, CeO, 1s used for the abrasive of
the second slurry which has a pH ranging from 3 to 8,
preferably from 5 to 7. The second slurry has a pohshmg
selectivity ratio of a oxide film to nitride film ranging from
10~1350:1, preferably 15~100:1.
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The CMP process 1s performed at a polishing pressure
ranging from 1 to 10 ps1 and at a polishing table speed
ranging from 10 to 100 rpm.

In the above-described CMP process, gradually increas-
ing NH, gas 1s detected by the EPD from the SiON film
which 1s the butler layer as shown 1n FIG. 2e, and the NH,
gas 1s measured from when the concentration of NO 1s
represented to when the concentration of NO 1s drastically
increased. As a result, since the end-point 1s rapidly and
precisely set, the damage of upper portion of hard mask
nitride film can be prevented, and measurement of films
betore and after the CMP process or confirmation of the CD
can be skipped. Therefore, the process delay due to errors 1n
setting polishing time can be previously prevented, and the
whole process time can be shortened, thereby reducing fail
ol a semiconductor device and increasing vyield.

As discussed earlier, in an embodiment of the present
invention, since a CMP process 1s performed after a buller
layer including mitrogen 1s formed on a hard mask nitride
film, a precise end-point can be detected. As a result, while
an interlayer isulating film 1s polished, the damage of upper
portion of hard mask nitride film can be prevented, and a
stable subsequent process can be performed. Additionally,
measurement of films before and after the CMP process or
confirmation of the CD can be skipped, thereby reducing
errors of a device due to process delay and increasing yield.

What 1s claimed 1s:

1. A method for detecting an end-point of a CMP process
ol a semiconductor device, comprising the steps of:

sequentially forming a polysilicon film, a conductive

layer, a hard mask nitride film on a semiconductor
substrate;

forming a bufler layer containing nitrogen on the hard

mask nitride film:;

selectively etching the buller layer, the hard mask nitride

film, the conductive layer and the polysilicon film to

form a gate line including a stacked structure of a

polysilicon film pattern, a conductive layer pattern, a

hard mask nitride film pattern and a bufler layer pattern;
forming a spacer at a sidewall of the gate line;

forming an interlayer msulating film on the semiconduc-

tor substrate including the gate line and the spacer; and

subjecting the insulating film and the builer layer of a

CMP process using the hard mask nitride film pattern
as an etching barrier film,

wherein a concentration of NO gas generated upon expo-

sure of the buller layer 1n the CMP process 1s measured
so as to detect an end-point of the CMP process.

2. The method according to claim 1, wherein the bufler
layer comprises a S1ON or a Si-rich S1ON {ilm.

3. The method according to claim 1, wherein a thickness
of the buffer layer ranges from 200 to 1000 A.

4. The method according to claim 1, wherein the conduc-
tive layver comprises a material selected from a group
consisting of a doped silicon, polysilicon, tungsten, tungsten
nitride, tungsten suicide and titanium suicide.
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5. The method according to claim 1, wherein the selective
etching process comprises a plasma etching process using a
chlorine gas as a source.
6. The method according to claim 1, wherein the spacer 1s
formed via a LP-CVD (low pressure chemical vapor depo-
sition) method using TEOS (Tetracthoxysilicate glass) film
or silane (SiH,)-base oxide film.
7. The method according to claim 1, wherein the inter-
layer insulating film 1s selected from a group consisting of
BPSG (boron phosphosilicate glass) film, a PSG (phospho-
silicate glass) film, a FSG (fluorosilicate glass) film, a
PE-TEOS (plasma enhanced tetracthoxysilicate glass) oxide
film, a PE-S1H, (plasma enhanced-silane) film, a APL (ad-
vanced planarization layer) oxide film, a ALD (atomic layer
deposition) oxide film and a HDP (high density plasma)
oxide film.
8. The method according to claim 7, wherein the HDP
oxide film 1s formed from a source selected from a group
consisting of TEOS,SiH,, SiH, (CHj;,,, (0=n=4, 0=m=4),
N, N,O, NH;, O,, O;, Ar, He and NF;.
9. The method according to claim 7, further comprising
subjecting the HDP oxide film to a thermal process per-
formed 1n an atmosphere of a gas selected from a group
consisting of H,, O,, N,, O, N,O and H,"O.,,.
10. The method according to claim 7, further comprising
subjecting the HDP oxide film to a rapid thermal processing,
(RTP) performed at a temperature ranging ifrom 600 to
1500° C.
11. The method according to claim 1, wherein the CMP
pProcess CoOmprises:
polishing the interlayer insulating film using a first slurry
untill a remaiming portion of the interlayer insulating
film has at a thickness ranging from 300 to 800 A; and

polishing the remaining portion of the iterlayer isulat-
ing film and the bufler layer using a second slurry to
expose the hard mask nitride film pattern.

12. The method according to claim 11, wherein the slurry
for oxide film comprises 0.5.about. 10 wt % of an abrasive
selected from a group consisting of colloidal or fumed S10,
having a grain size ranging from ., to ., nm, Al,O,, CeO,
and ZrQO,.

13. The method according to claim 11, wherein the first
slurry has a polishing selectivity ratio of an oxide film to
nitride film ranging from 1:1.about. 10:1.

14. The method according to claim 11, wherein the second
slurry comprises a slurry for oxide film having a pH ranging
from 3 to 8 containing CeO, abrasive.

15. The method according to claim 11, wherein the second
slurry has a polishing selectivity ratio of an oxide film to
nitride film ranging from 10:1 to about 150:1.

16. The method according to claim 1, wherein the CMP
process 1s performed at a polishing pressure ranging from 1
to 10 ps1 and at a polishing table speed ranging from 10 to
100 rpm.
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